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Summary Symptoms of heart failure can be caused by the diastolic dysfunction even in
patients with normal ejection fraction, and this condition has been called diastolic heart failure.
After Kitabatake and his associates ﬁrst used echo-Doppler to characterize the transmitral
ﬂow velocity in various disease states in 1982, there have been remarkable advances in the
evaluation of diastolic function with Doppler echocardiography. Types of diastolic dysfunction
can be classiﬁed into relaxation abnormality, pseudonormal, reversible restrictive physiology,
and irreversible restrictive physiology. Classifying the patients into these types, in addition
to the reliable estimation of left ventricular ﬁlling pressure with Doppler echocardiography,
enables us to adjust treatment in individual patients and to get information about the prognosis.
The main hemodynamic abnormality in patients with diastolic dysfunction is the abnormal ﬁlling
function of the heart. Therefore, if we expand the scope of diastolic heart failure, patients with
constrictive pericarditis can also be categorized into diastolic heart failure. The purpose of this
review is to reﬁne our knowledge in the concept of diastolic dysfunction and to update the
methods used in its’ evaluation.
© 2011 Japanese College of Cardiology. Published by Elsevier Ltd. All rights reserved.
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low cardiac output.References .................................................
Diastolic heart failure: let us make it simple
for its entity and its pathophysiology
Similar to the two main functions of a pump, functions of the
heart can be classiﬁed into (1) pumping function, impair-
ment of which can lead to low cardiac output, and (2) ﬁlling
function, impairment of which can lead to congestion.
Pumping and ﬁlling functions of the heart are not
mutually independent. Pumping function impairment, the
existence of which has usually been evaluated by the pres-
ence of low ejection fraction (EF), eventually leads to
impaired ﬁlling function manifested as pulmonary conges-
tion. This condition is a classic pathophysiology in congestive
heart failure. Likewise, impaired ﬁlling function of the heart
can also lead to impaired pumping function, which is clini-
cally manifested in low cardiac output. However, sometimes
in our conventional way of evaluating pumping function, EF
may be normal in the presence of diastolic dysfunction. This
situation is named ‘diastolic heart failure’. Patients with
diastolic heart failure have normal EF, but systolic func-
tion when evaluated in depth may not be normal [1—3],
therefore, some preferred using terms such as ‘heart failure
with normal EF (HFNEF)’ or ‘heart failure with preserved EF
(HFPEF)’ to diastolic heart failure.
Roller-pump (Fig. 1) can best illustrate the situations in
systolic and diastolic heart failure. At a glance, it looks as
if its action as a pump is solely dependent on the squeezing
action of the roller. That is, as long as the roller can main-
tain normal function, its action as a pump can be adequately
maintained. However, characteristics of the tube should be
maintained in a normal condition for the adequate function
of the roller-pump. The tube which is squeezed by the roller
should expand briskly immediately after the squeeze, so that
the ﬂuid can be quickly sucked into the pump. Otherwise, its
action as a pump cannot be maintained despite the normal
action of the roller. Abnormal functions of this roller-pump
(1) due to abnormal function of the roller can be compared
to the ‘systolic heart failure’, and (2) due to abnormal func-
tion of the tube can be compared to the ‘diastolic heart
failure’.
Abnormal functions of the tube can be classiﬁed into two
conditions: (1) sticky tube and (2) stiff tube. Sticky tube
cannot expand quickly in the early phase of expansion but
can still expand further when the pressure is imposed on
the tube. Whereas, stiff tube can expand at a near nor-
mal rate during the early phase of expansion, but is limited
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n the expansion in the later phase, and excessive pressure
s needed for adequate expansion. Likewise, diastolic dys-
unction can be caused by the combination of two basic
athophysiologic mechanisms: (1) abnormal relaxation and
2) increased passive stiffness.
Abnormal relaxation, like the sticky tube, implies delay in
he relaxation in the early phase of diastole. Slow in relax-
tion during early phase of diastole results in decrease in
he suctioning effect of left ventricle (LV)—–‘diastolic suc-
ion’. When the heart rate is increased, hemodynamic role
f diastolic suction increases as the LV ﬁlling time becomes
horter. Therefore, in patients with abnormal relaxation, LV
lling becomes more problematic with the increase in heart
ate.
An increase in passive stiffness, like the stiff tube, causes
bnormally high ﬁlling pressure to ﬁll the LV to sufﬁcient
olume for the adequate maintenance of stroke volume.
iuresis can decrease the ﬁlling pressure, thereby, can
elieve the pulmonary congestion. But, as the high ﬁlling
ressure is mandatory for the maintenance of adequate LVigure 1 In this roller-pump, function of the roller can be
ompared to systolic function, and rapidly expanding capability
f the tube after the squeeze can be compared to the diastolic
unction.
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valuation of abnormal relaxation
he presence of abnormal relaxation can be evaluated in a
umber of ways, including invasive and non-invasive meth-
ds.
-Traditional invasive method of assessing
bnormal relaxation
he rate of LV relaxation is represented by the LV pres-
ure wave form during diastole. LV pressure decay during
sovolumic relaxation period attracts our attention in par-
icular because, in this time period, LV pressure decay is
ot affected by the aortic [as it is after the closure of the
ortic valve (AV)] or left atrial [as it is before the opening
f mitral valve (MV)] pressures. To quantitatively assess the
ate of relaxation in this period, rate of LV pressure decay
uring isovolumic relaxation time is ﬁtted to the exponential
unction [4] (Fig. 2).
= Poe−t/ + PB
here Po is the initial pressure usually pressure at the time
f −dp/dtmax, t the time from the −dp/dtmax, PB the asymp-
otic pressure, usually regarded as o,  the time constant of
V isovolumic relaxation.
Theoretically,  in this equation can represent LV relax-
tion. This parameter is not directly affected by the loading
onditions, with the usually accepted normal range to be
5—40ms. However, controversy exists regarding using 0 as
n asymptotic pressure [5,6]. Moreover, clinical use of  in
veryday practice is limited by the invasive nature of its
easurement.
sovolumic relaxation time
ith the delay in relaxation, time from the closing of AV
o the opening of MV (isovolumic relaxation time: IVRT)
ncreases. Therefore IVRT can be used for the evaluation
f relaxation abnormality, when the IVRT lengthens above
he normal value of 70—90ms. However, decrease in aortic
ressure or increase in left atrial (LA) pressure can shorten
igure 2  represents relaxation during the isovolumic relax-
tion period.  is the time that it takes Po to decline 1/e of
ts value. MVC: mitral valve closure, AVO: aortic valve opening,
VC: aortic valve closure, and MVO: mitral valve opening.
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VRT despite the same rate of early diastolic LV relaxation.
his loading condition dependency should be considered in
he interpretation of IVRT for the evaluation of relaxation
bnormality.
itral inﬂow
itral inﬂow assessed by Doppler echocardiography repre-
ents the pressure difference between LV and LA during early
iastole after the opening of MV. With the opening of MV,
here is an early diastolic ﬁlling (E wave). After the E wave,
iastasis ensues as the pressures between LV and LA equal-
ze. In patients with sinus rhythm, there is an another peak
A wave) as the left atrial pressure rises again with the left
trial contraction during late diastole [7] (Fig. 3).
In patients with delayed relaxation, suctioning effect of
V immediately after the opening of the MV decrease, imply-
ng the lower initial pressure gradient between LV and LA,
hich is manifested as low E velocity. And because of the
ollowing slow relaxation, time to equalization between LV
nd LA pressure becomes prolonged leading to a long decel-
ration time (DT). Impaired LV ﬁlling during early diastole
s compensated by the LV ﬁlling during atrial contraction
n patients with sinus rhythm, which is manifested as high
velocity. This mitral inﬂow pattern is called ‘relaxation
bnormality’ pattern. Usual diagnostic criteria for this relax-
tion abnormality pattern have been E/A ratio < 1 and DT
ore than 240ms. From this mitral inﬂow pattern, we can
et two important hemodynamic consequences that may
appen in patients with relaxation abnormality. First, in
atients with relaxation abnormality with sinus rhythm,
trial contraction is important in LV ﬁlling. Therefore, loss
f atrial contraction that may occur with the development
f atrial ﬁbrillation, may cause signiﬁcant hemodynamic
ompromise. Second, because of the decrease in diastolic
uction, manifested as a slow ﬁlling during early diastole,
n adequate diastolic ﬁlling period should be guaranteed
or the sufﬁcient ﬁlling of LV. Therefore, patients with
elaxation abnormality may become more symptomatic with
apid heart rates [8].
The mitral inﬂow pattern is determined not only by the
ate of LV relaxation but also by the LA pressure. Even in
he same patient, mitral inﬂow will change by the change in
A pressure despite the absence of change in LV relaxation.
ith the increase in LA pressure, mitral E velocity increases
eading to the normal looking mitral inﬂow pattern, the
o-called ‘pseudonormal’ ﬁlling pattern, and ﬁnally to the
itral inﬂow characterized by combinations of high E veloc-
ty with the E/A ratio > 2 and short DT (<160ms), which is
alled ‘restrictive physiology’ pattern [9,10] (Fig. 4).
itral annulus velocity
n the conventional Doppler technique, Doppler signals
eﬂected from the walls, which have low velocity—high
mplitude characteristics, were ﬁltered out to obtain high
elocity—low amplitude signals from the moving blood cells.
ith the development of tissue Doppler imaging (TDI), wall
otion velocity can be obtained using the opposite tech-
ique [11—13]. When the sample volume of the TDI is located
t the mitral annulus, two distinctive velocities moving
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pFigure 3 Mitral inﬂow represents pressure difference betwe
Ommen et al. [7]. LV: left ventricle, LA: left atrium, DT: deceler
mitral inﬂow velocity, and Adur: A wave duration.
toward the direction of LA can be seen in patients with sinus
rhythm during diastole—–E′ and A′ velocities (Fig. 5).
Early diastolic mitral annulus velocity (E′ velocity) implies
a rate of relaxation during early diastole in the long-axis
direction. In the absence of geometric distortion, we can
assume that this rate of relaxation in the long-axis direc-
tion can represent the global rate of relaxation during early
diastole [14,15] and low E′ velocity implies relaxation abnor-
mality. Usually mitral annulus velocity at the lateral annulus
shows a higher value compared to that obtained at the sep-
tal side. Therefore, the location of sample volume should be
taken into account in the diagnosis of relaxation abnormal-
ity by mitral annulus velocity, as well as the age factor as in
the mitral inﬂow pattern [16]. Septal E′ velocity < 8.5 cm/s
C
W
m
Figure 4 Mitral inﬂow change with the increase in ﬁlling pressu
Therefore, loading condition should always be taken into account in
of diastolic function.ft ventricle and left atrium. Reprinted with permission from
time, E: early diastolic mitral inﬂow velocity, A: late diastolic
sually indicates the presence of relaxation abnormality.
ne advantage of this mitral annulus velocity over mitral
nﬂow pattern is that E′ velocity is less preload dependent
ompared to the E velocity of the mitral inﬂow [14,17].
herefore, in contrast to the mitral inﬂow velocity, patients
ith pseudonormal ﬁlling pattern still show low E′ velocity
epresenting the presence of abnormal relaxation in these
atients (Fig. 6).olor M-mode
hen the color ﬂow mapping function is activated and M-
ode cursor is directed in the direction of mitral inﬂow,
re even in the absence of change in the rate of relaxation.
the interpretation of mitral inﬂow pattern for the evaluation
152 D.-W. Sohn
Figure 5 When the sample volume of the tissue Doppler imaging is placed at the mitral annulus, two distinctive velocities during
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Riastole in patients with sinus rhythm can be obtained. Early di
arly diastole as the cardiac apex is relatively ﬁxed during th
haracteristically show low E′ velocity. A′: late diastolic mitral
elocity information coded in color along the cursor line and
ts change with time can be displayed. Color M-mode enables
s to estimate the time needed for the blood located near
he apex reaching the certain predeﬁned velocity from the
ime when blood near the mitral inﬂow had this predeﬁned
elocity, that is, information about the rapidity of the veloc-
ty propagating toward the apex—propagation velocity (Vp).
f we use aliasing velocity as a predeﬁned velocity, we can
et this information easily from the slope of the line con-
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igure 6 Patterns of mitral inﬂow and mitral annulus velocity from
attern of change in the mitral inﬂow, mitral annulus velocity sh
seudonormal ﬁlling patterns can be easily differentiated.
eprinted with permission from Sohn et al. [14].ic mitral annulus velocity (E ) implies rate of relaxation during
rdiac cycle. Therefore, patients with relaxation abnormality
lus velocity.
ecting aliasing velocity. A practical approach is to measure
he slope of the line of the ﬁrst aliasing velocity from the
itral valve plane to approximately 4 cm distal into the LV
normal > 50 cm/s). In patients with relaxation abnormality,
s the blood slowly moves toward the apex, Vp is lower than
n normal subjects [18—20] (Fig. 7). However, one should
e cautious in the setting of LV hypertrophy and a small LV
avity size, because Vp may be high despite the presence of
elaxation abnormality.
normal to restrictive physiology. In contrast to the parabolic
ows progressively decreasing pattern, therefore, normal and
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(B) Propagation velocity (Vp) can be measured from the slope
Difference in the propagation velocities in patient with normal
Strain and strain rate
Either by TDI or speckle tracking method, deformation com-
pared to the basal state (strain) and rate of deformation
(strain rate) can be obtained. We can easily assume that
strain rate during diastole represents very similar informa-
tion we can get from the mitral annulus velocity (Fig. 8).
In contrast to the mitral annulus velocity, theoretically, we
can also obtain information about the regional as well as
the global rate of relaxation. Despite the complexity in the
process of obtaining this parameter, global strain rate is
not proven to be clinically more useful compared to the
E
E
I
b
Figure 8 Radial strain (A) and strain rate (B) in a normal subject. N
velocity.long the cursor line and its change with time can be displayed.
e line of the ﬁrst aliasing velocity from the mitral valve. (C)
abnormal relaxation.
itral annulus velocity. Several studies [21,22] proposed its
sefulness in the evaluation of regional diastolic function,
owever, our clinical interest in the diastolic function is usu-
lly in the global phenomenon rather than in the regional
unction.valuation of increased passive stiffness
valuation of passive stiffness of LV is a challenging task.
f the LV had pure elastic property, passive stiffness can
e estimated from the stress and strain relationship based
ote that strain rate during diastole is similar to mitral annulus
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Figure 9 (A) If the left ventricle had pure elastic properties, its passive stiffness can be represented by the Young’s modulus.
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oB) However, elastic modulus cannot always be expressed as a s
nd-diastolic pressure—volume relationship derived from the m
he best idea regarding passive stiffness with our current techn
n Hook’s law. However, even in the elastic material, this
inear relationship applies only within a certain limited
ange which depends on the characteristics of the mate-
ial. Outside this range, elastic modulus cannot be expressed
s a single value but must be expressed as an incremen-
al modulus. Moreover, myocardium has viscous properties
s well as elastic properties [23,24], further limiting our
valuation of passive stiffness. So far, in-depth evalua-
ion of passive stiffness is quite limited compared to our
valuation of relaxation abnormality. In our current tech-
ology, end-diastolic pressure—volume relationship derived
rom the multiple pressure—volume loops in varying loading
onditions can give the best idea regarding passive stiff-
ess (Fig. 9). Because of the invasiveness and difﬁculty
n obtaining this end-diastolic pressure—volume relation-
hip in clinical practice, non-invasive methods [25,26] have
een proposed, but not widely accepted as a reliable
ethod. Therefore, in our daily practice, we presume
ncrease in passive stiffness as the mitral inﬂow pattern
hanges from normal to restrictive physiology taking into
ccount that mitral inﬂow is also dependent on the loading
onditions.
nd-result of diastolic heart failure—–increase
n LV ﬁlling pressure
ymptoms due to diastolic heart failure, as in systolic heart
ailure, are attributed to low cardiac output and pulmonary
ongestion. As the increase in LV ﬁlling pressure is the direct
ause of pulmonary congestion, assessment of LV ﬁlling pres-
ure has been our main clinical concern, not only in systolic
eart failure but also in diastolic heart failure. In the past,
ncrease in LV ﬁlling pressure could only be assessed by
nvasive methods, and Swan-Ganz catheterization had been
he integral part of management in critically ill patients.
ith the development of Doppler echocardiography, LV ﬁll-
ng pressure can be assessed non-invasively.
H
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evalue but might be expressed as an incremental modulus. (C)
le pressure—volume loop in varying loading conditions can give
.
eﬁnition of LV ﬁlling pressure
V ﬁlling pressure can be conceptually deﬁned as a pres-
ure needed to ﬁll LV to normal size. Therefore, numbers of
ifferent pressures in LV during diastole have often been
esignated as LV ﬁlling pressure in the scientiﬁc papers,
ometimes triggering confusion without the correct concept
f the readers in this regard. Mean LV diastolic pressure and
ean pulmonary capillary wedge pressure (PCWP) usually
ndicate same pressure, representing left atrial pressure in
he absence ofmitral stenosis. When these pressures are ele-
ated, we can assume these pressures as a possible cause
f pulmonary congestion or edema. LV end-diastolic pres-
ure is not the pressure that is directly transmitted to LA,
s LA is contracting at this time. This pressure, just before
he next systole, represents the force per area stretching
he myocardium for the following contraction. We should
ake into account this pressure when we think about the
ptimal preload for the optimal cardiac output. As LV dias-
olic pressure is not constant during whole diastole, it is
ot easy to estimate mean LV diastolic pressure from the
ressure waveform alone. Therefore, pre-A wave pressure,
hich is the pressure just before the A wave, has been sub-
tituted for mean LV diastolic pressure (Fig. 10). With this
n mind, in the absence of a speciﬁc description, LV ﬁlling
ressure and mean LV diastolic pressure/mean PCWP have
een interchangeably used.
stimation of LV ﬁlling pressure
e can assume increased LV ﬁlling pressure if the mitral
nﬂow pattern shows pseudonormal or restrictive physiol-
gy compared to normal or relaxation abnormality patterns.
owever, mitral inﬂow pattern alone cannot give quantita-
ive estimation of LV ﬁlling pressure. A number of complex
quations to estimate LV ﬁlling pressure [27—30] have been
uggested. However, because of their complexity, those
quations did not gain popularity. As the mitral E velocity
Diastolic function
Figure 10 Pressures that have been collectively called left
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favorable symptomatic response in patients with relaxation
abnormality.ventricular ﬁlling pressure. However, a precise concept about
the differences in these pressures is needed.
is determined by two factors, LV relaxation and LV ﬁlling
pressure, information about the LV ﬁlling pressure can be
obtained by correcting the E velocity with the parameter
representing LV relaxation. Recently, early diastolic mitral
annulus (E′) velocity or propagation velocity (Vp) has been
reported to be a relatively preload independent parameter
representing LV relaxation. Therefore, if E velocity is cor-
rected by either E′ velocity [17] or Vp [31] (either E/E′ or
E/V ) information about LV ﬁlling pressure can be obtained.p
Because of the easiness to obtain and in-depth data accu-
mulated, E′ velocity is more widely used compared to Vp for
this purpose.
r
e
Figure 11 During preload reducing manipulation, Valsalvar maneu
relaxation abnormality pattern (A), whereas irreversible restrictive p155
A number of studies showed that E/E′ ratio correlates
uite well with LV ﬁlling pressure and according to one study,
lthough there is a gray zone, we can quite convincingly
ell normal ﬁlling pressure when this ratio is under 8 and
igh ﬁlling pressure when this ratio is over 15 [32]. Even
n patients with tachycardia when E and A waves are fused
33,34], and in patients with atrial ﬁbrillation [35], E/E′ ratio
an be used for the estimation of ﬁlling pressure.
There has been controversy regarding the effectiveness
f this parameter, E/E′ ratio, in patients with normal EF [36].
everal studies suggested that E/E′ ratio is not as reliable in
atients with normal EF as in patients with LV dysfunction.
owever, we should take into account the fact that, because
f the narrow dispersion of LV ﬁlling pressure in patients with
ormal EF compared to that in patients with LV dysfunction,
orrelation between LV ﬁlling pressure and E/E′ ratio would
nevitably be worse in patients with normal EF.
reatment and prognosis in patients with
iastolic heart failure
s in patients with systolic heart failure, when the LV ﬁlling
ressure is elevated in patients with diastolic heart fail-
re, diuresis would help the patients in relieving dyspnea. In
atients having relaxation abnormality, decrease in diastolic
uction in these patients becomes more problematic with
he increase in heart rate, therefore, heart rate control is
n important aspect of treatment [37—39] and beta-blockers
r rate-slowing calcium-channel blockers often provide aThe presence of diastolic dysfunction implies signiﬁcant
isk for future adverse cardiovascular outcomes. Original
stimates of all-cause mortality from the Framingham study
ver in this ﬁgure, reversible restrictive physiology changes into
hysiology persistently shows restrictive physiology pattern (B).
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was lower in diastolic compared to the systolic heart failure
[40]. In contrast, in a study done in a prospective fashion
[41], there was no difference in mortality between diastolic
and systolic heart failure. However, morbidity, hospitaliza-
tion rates, and healthcare costs per patient are very similar
between systolic and diastolic heart failure. As an initial
step, we should look for the presence of treatable under-
lying etiology, such as hypertension, and these preventable
factors should be adequately treated. Neurohormonal modu-
lation of the renin—angiotensin—aldosterone system, which
has favorable effects in systolic heart failure by reducing
smooth muscle cell growth, prevention of collagen depo-
sition, reducing growth factor expression, and regression
of myocardial ﬁbrosis [42—44], attracted our attention as
a treatment modality in diastolic heart failure. Despite
insigniﬁcant difference in primary, composite outcome,
and mortality, the CHARM-Preserved study [45] showed
signiﬁcant decrease in hospitalization in patients using can-
desartan, shedding light on the improvement of prognosis
in these patients. However, the following I-PRESERVE study
[46] did not show any improvement even in the hospital-
ization rate when irbesartan was used. As the number of
patients included was larger, and more female patients
were included in the I-PRESERVE compared to the CHARM-
preserve study, negative results in the I-PRESERVE study
were disappointing.
In individual patients, restrictive physiology in the mitral
inﬂow usually represents poor prognosis [47—51] in diverse
etiologic conditions. This restrictive physiology can be
further subclassiﬁed into reversible and irreversible restric-
tive physiology with loading condition manipulations, such
as nitroprusside infusion or Valsalva maneuver. Reversible
restrictive physiology refers to the restrictive physiology
pattern that changes into relaxation abnormality pattern
with the preload reduction, while irreversible restrictive
physiology refers to the restrictive physiology pattern that
persistently shows restrictive physiology despite preload
reduction (Fig. 11). Quite different prognosis has been
reported between patients with reversible and irreversible
restrictive physiology [52] (Fig. 12).
Twist: another aspect that deserve our
attention
The LV myoﬁber orientation is helical with the subendo-
cardial layer in the form of a right-handed helix gradually
Figure 12 Different prognosis in patients with reversible and
irreversible restrictive physiology.
Adapted from Poulsen et al. [47].
evolving into a left-handed helical ﬁber orientation in the
subepicardial layer [53,54]. Because of this helical myoﬁber
orientation, shortening and lengthening of the LV results
in twist motion. Moreover, there is a temporal difference
in the beginning of contraction and relaxation between
apex and base, and also between subendocardium and
subepicardium. With the onset of relaxation, apical suben-
docardium begins to relax just before closure of the aortic
valve and basal subepicardial relaxation begins after aor-
tic valve closure, with the direction of apex to base for
subendocardium and base to apex for subepicardium. The
temporal and spatial differences in LV relaxation are criti-
cal for the creation of forces required for diastolic suction.
We can now evaluate this twist motion with echocar-
diography, and a number of studies showed impairment
of this twist motion as an important cause of diastolic
dysfunction.
Abnormal ﬁlling of the heart due to
pericardium
Abnormal ﬁlling function of the heart can also be caused
by pericardial disease, and constrictive pericarditis is the
prototype of pericardial disease leading to abnormal ﬁlling
of the heart. Classic hemodynamic criteria for the diag-
nosis of constrictive pericarditis as (1) ‘‘dip and plateau’’
pattern in LV and RV pressure waveform, (2) equalization
of diastolic pressures in four cardiac chambers, (3) ‘‘M
or W’’ shaped atrial waveforms, and (4) Kussmaul sign,
are not based on the unique hemodynamic characteris-
tics in constrictive pericarditis. Therefore, differentiation
between constrictive pericarditis and restrictive cardiomy-
opathy has been a challenging clinical problem. Two unique
features of hemodynamics in constriction are (1) increased
interventricular dependence and (2) dissociation between
intracavitary and intrathoracic pressures. The presence of
these two unique hemodynamic features in constriction
can be evaluated convincingly with echocardiography. On
2D echocardiography, the sizes of the LV are larger dur-
ing expiration and smaller during inspiration. In addition,
Figure 13 Respiratory changes in mitral inﬂow and hepatic
vein ﬂow in constriction. Note the prominent respiratory varia-
tion in the mitral E velocity, E velocity higher during expiration,
and expiratory diastolic ﬂow reversal in hepatic vein ﬂow.
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[Figure 14 In constriction, mitral annulus velocity is augme
pericardiectomy (B) when the constriction is relieved compared
characteristic Doppler ﬁnding can further support the pos-
sibility of constriction. Mitral inﬂow and hepatic vein ﬂow
is particularly useful in this regard. Mitral inﬂow shows
expiratory increase and inspiratory decrease in E veloc-
ity, and hepatic vein ﬂow shows expiratory diastolic ﬂow
reversal (Fig. 13). Another useful feature of constriction
is the increased mitral annulus velocity in constriction.
Increase in mitral annulus velocity in constriction is sup-
ported by the facts that mitral annulus velocity is higher
in constriction compared to age- and sex-matched controls,
and mitral annulus velocity decreases after pericardiec-
tomy when constrictive physiology is relieved [55] (Fig. 14).
This feature is useful in the differential diagnosis between
constriction and restrictive cardiomyopathy [56]. However,
because of this increase in mitral annulus velocity in con-
striction, one should be cautious in using E/E′ ratio in the
estimation of LV ﬁlling pressure in constriction as E/E′ ratio
shows paradoxical inverse relationship with LV ﬁlling pres-
sure [57].
Conclusion
In this review, the role of pulmonary venous ﬂow pattern in
the evaluation of types of diastolic dysfunction was not men-
tioned. In contrast to its popularity in review articles, its
usefulness is quite limited because decreased systolic for-
ward ﬂow and increased atrial reversal ﬂow representing
diastolic dysfunction, are more dependent on the systolic
and LA function, respectively, rather than the diastolic func-
tion per se.
We should always keep in mind that ﬁlling function should
be adequately maintained for the optimal function of the
heart. Therefore, we should not neglect even the simple 2D
echocardiographic ﬁnding such as increased LA size, which
sometimes denotes the presence of diastolic dysfunction,
and make every effort to ﬁnd out the presence of abnormal
ﬁlling function. Filling function of the heart should not be
regarded as a special ﬁeld of research, but has now become
an essential knowledge to the general physician.
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